In rare cases, pancytopenia results from hormonal deficiencies that arise in the setting of panhypopituitarism. Here we describe the unusual case of a 60-year-old man who presented with progressive fatigue and polyuria, and whose laboratory workup revealed a deficiency of the five hormones associated with the action of the anterior pituitary (thyroid hormone, testosterone, cortisol, prolactin, and insulin-like growth factor-1). Imaging of the pituitary demonstrated a cystic mass consistent with a pituitary adenoma replacing much of the normal pituitary tissue. His symptoms and hematologic abnormalities rapidly resolved with prednisone and levothyroxine supplementati on. While the m ajority of r eported cases of panhypopituitarism with bone marrow suppression are the result of peripartum sepsis or hemorrhage leading to pituitary gland necrosis (Sheehan's syndrome), it is also important to consider the diagnosis of hypopituitarism in patients with hypothyroidism, low cortisol levels, and pancytopenia. The causal relationship between pancytopenia and panhypopituitarism is not well understood, though it does reinforce the important influence of these endocrine hormones on the health of the bone marrow. 
insulin-like growth factor-1 (IGF-1). A diagnosis of panhypopituitarism was made based on the reduced levels of all five hormones associated with the action of the anterior pituitary. A cosyntropin stimulation test demonstrated an inappropriately low increase in serum cortisol levels (1.2 to 7.4 μg/dL), suggesting reduced adrenal responsiveness due to prolonged adrenocorticotropic hormone (ACTH) deficiency. Though euvolemic, the patient displayed hyponatremia, with elevated urine osmolality, suggesting a component of elevated antidiuretic hormone (ADH) thought to be compensatory in the setting of glucocorticoid deficiency.
In evaluation of the pituitary gland, MRI demonstrated a 6 mm cystic lesion in the posterior aspect of the pituitary (Fig. 1a) . The radiologic appearance was most consistent with a cystic pituitary adenoma compressing and replacing the normal tissue of the pituitary gland. In addition, a small enhancing tectal mass was incidentally noted that was believed to represent a tectal glioma (Fig. 1b) . A lumbar puncture revealed normal cerebrospinal fluid protein and glucose levels, and one nucleated cell (normal range 0-5/mm 3 ). CSF cytology test results revealed no malignant cells. Results of repeat MRI exams performed 4 and 8 months later demonstrated stability of both the pituitary adenoma and tectal glioma. The patient's complete blood count and peripheral blood smear demonstrated normocytic and normochromic anemia. There were no schistocytes, spherocytes, teardrop red blood cells, or nucleated red blood cells. The white blood cells showed a normal differential, with no immature forms. The platelet count was reduced (125,000/mm 3 ) compared to baseline (210,000/mm 3 ). Treatment with prednisone (4 mg/day) and levothyroxine (125 μg/day), administered orally, was initiated. The patient's symptoms of fatigue, as well as his hematologic abnormalities, resolved rapidly (Table 1) .
DISCUSSION
The relationship between pancytopenia and the hormones of the anterior pituitary is poorly understood. Panhypopituitarism refers to a deficiency of the five hormones produced in the anterior pituitary and released from the hypothalamus: somatotropin (growth hormone [GH] January 13, 2015 between bone marrow health and the pituitary seems likely, given the rapid resolution of hematologic abnormalities with hormone replacement therapy. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] In humans, isolated hormone deficiencies can affect hematopoiesis. Severe hypothyroidism can result in normocytic anemia. Men with hypogonadism (in particular, those who have undergone surgical orchiectomy) develop a mild and stable normocytic anemia 11 where hemoglobin and hematocrit values generally fall into the normal female reference range, underscoring the role of androgens in erythropoiesis. Isolated deficiencies of the other hormones under the control of the anterior pituitary (cortisol, growth hormone, and prolactin) have not been reported to cause bone marrow abnormalities. However, growth hormone replacement treatment in patients with growth hormone deficiencies has been shown to increase levels of erythropoietin, though the mechanism through which this occurs is unknown. 12 In vitro experiments have suggested that IGF-1 (under the control of growth hormone) leads to proliferation of immature erythroid colonies. 13 The hematopoietic changes described in animal models of hypopituitarism do not faithfully represent the human experience, and significant species-specific differences likely exist. In one rat model, total hypophysectomy resulted in normocytic anemia that was completely reversed following treatment with cortisol and * The reticulocyte index is calculated by multiplying the patient's reticulocyte count by the patient's hematocrit (Hct) divided by the expected normal hematocrit. **The reticulocyte production index is calculated by dividing the reticulocyte index by a maturation factor to take into account the longer life span of prematurely released reticulocytes into the bloodstream. The maturation factor is equal to 1 (Hct 36-45 %), 1.5 (Hct 26-35 %), or 2 (Hct 16-25 %). The reticulocyte production index is considered low if it is less than 2 % at a time when the patient is anemic. ACTH adrenocorticotropic hormone, ESR erythrocyte sedimentation rate, MCV mean corpuscular volume, TIBC total iron-binding capacity, WBC white blood count thyroid hormone replacement. 14 The addition of supplemental growth hormone led to an increase in immature erythroid cells in the bone marrow, albeit no increase in the peripheral red blood cell count. Importantly, hypophysectomy in this study did not result in leukopenia or in a loss of bone marrow myeloid elements, in contrast to what is seen in human patients. In a second study of hypophysectomized rats, the rats developed anemia, leukopenia, and thrombocytopenia, all of which were fully reversible. 15 In this model, the rats did not respond to thyroid hormone treatment, but did show a partial response to treatment with supplemental prolactin, a finding that is not consistent with studies in mice 16 and humans. Of note, these studies used two different inbred strains of rats, which may have contributed to the very different findings.
In humans, pancytopenia as the result of hypopituitarism is a rare occurrence, and our review of the published literature (via PubMed and Google, using the keywords "anemia," "pancytopenia," "hypopituitarism," and "panhypopituitarism") revealed a total of only 21 published cases. Of these, the majority (15 of 21, [1] [2] [3] [5] [6] [7] [8] 10, [17] [18] [19] [20] [21] [22] [23] ) were reports of Sheehan's syndrome, a condition that occurs in women as a result of anterior pituitary hemorrhage and subsequent necrosis in the setting of hypotension due to blood loss during or after childbirth. In contrast, our patient was a 60-year-old man whose panhypopituitarism was secondary to a pituitary adenoma. The end result, however, is thought to be the same: loss of the cells of the anterior pituitary due to the compressive effects of a pituitary mass or secondary to pituitary hemorrhage.
In addition to peripartum pituitary hemorrhage, panhypopituitarism can result from infection, stroke, head trauma, hypothalamic dysfunction, and primary or metastatic pituitary tumors. 24 While these conditions may result in a deficiency of the anterior pituitary hormones, the hormones produced in the hypothalamus but secreted from the intermediate and posterior pituitary (antidiuretic hormone [ADH], oxytocin, and melanocyte-stimulating hormone [MSH] ) are generally spared. The differential sensitivity of the anterior and posterior pituitary is likely the result of differences in their respective blood supplies-the anterior pituitary receives its blood supply from the superior hypophyseal artery, while the posterior pituitary receives a dual blood supply from both the superior and inferior hypophyseal arteries.
Many conditions can result in pancytopenia. Though our patient did not undergo a bone marrow biopsy evaluation, his normal mean corpuscular volume and lack of immature or dysplastic white blood cells in the peripheral blood smear argued against a myelodysplastic process. The absence of teardrop or nucleated red blood cells on evaluation of the peripheral smear, while not conclusive, tended to rule out an infiltrative bone marrow process. His vitamin B12 and folate levels were normal, and his low reticulocyte production index suggested that the anemia was secondary to decreased bone marrow production rather than to a destructive process. Of note, our patient had no new medication or toxin exposures and no evidence of an infectious process. Furthermore, he had a rapid bone marrow response to cortisol and thyroid hormone replacement therapy (Table 1) , empirically confirming the link between his panhypopituitarism and pancytopenia. It is also interesting to note that his testosterone level normalized without supplementation (Table 1) , suggesting an interconnection between hypothyroidism, low cortisol, and hypogonadism.
Much of what we know about pancytopenia stems from individual case reports or case series and from the empiric response of patients to hormone replacement treatment. As mentioned earlier, the majority of patients described have been women with Sheehan's syndrome. The history of Sheehan's syndrome was reviewed in a recent study, 25 with the first case described in 1913. The condition has also been referred to as Simmonds' disease, named after Dr. Morris Simmonds, who described pituitary atrophy in a woman who died many years after the delivery of her fifth child, a delivery that was complicated by puerperal sepsis. 23 In 1937, Dr. Harold Leeming Sheehan conducted autopsies on women who had died of hemorrhagic shock in late pregnancy or shortly after delivery, and reported that destruction of the anterior pituitary was observed in 12 of 76 women. 25 The first reported case of pancytopenia in the context of hypopituitarism was that of a 45-year-old woman who died in a comatose state 20 years after the birth of her daughter. Her autopsy revealed a hemorrhagic pituitary cyst and bone marrow aplasia. 17 It is now recognized that the symptoms of Sheehan's syndrome may not manifest for many years following childbirth. A case series of 14 women found a mean duration of 18 years (range 1-33 years) before symptoms appeared, 26 and another series of 65 cases of Sheehan's syndrome reported that 80 % of the women presented with normochromic and normocytic anemia. 22 Consistent with our case, hyponatremia is the most common electrolyte abnormality (33-69 % of cases), and is believed to be multifactorial in nature (due to hypothyroidism, volume depletion, and cortisol deficiency). 21 The treatment of pancytopenia and panhypopituitarism is also best studied in patients with Sheehan's syndrome. In 1975, a woman presenting 6 years after antepartum hemorrhage was successfully treated using a combination of cortisol, thyroid extract, estrogen, and progesterone, leading to normalization of blood counts. 5 Another woman presenting 26 years after delivery received 6 weeks of supplemental treatment with levothyroxine and hydrocortisone, which reversed her bone marrow abnormalities.
1 Three women (aged 22, 30, and 34 years) with pancytopenia that developed 2-8 years following delivery, 2 as well as a 55-year-old woman with Sheehan's syndrome and isolated anemia, 3 also demonstrated complete resolution of bone marrow abnormalities with glucocorticoid and thyroid hormone replacement therapy.
As mentioned previously, less common conditions can also result in damage to the anterior pituitary and subsequent pancytopenia, including reported cases of hypothalamic glioma, 27 macroprolactinoma, 4 empty sella syndrome, 28 and suprasellar germinoma, 9 as well as in patients following pituitary surgery and radiation for a functional macroadenoma 29 and where the condition was idiopathic.
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In a case report similar to our own, a 46-year-old man with pancytopenia in the setting of hypopituitarism caused by a macroprolactinoma had resolution of his bone marrow abnormalities with combination treatment that included hydrocortisone, levothyroxine, testosterone, and cabergoline. 4 These cases illustrate the successful treatment of pancytopenia using a combination of glucocorticoid and thyroid hormone replacement. Little is known about the individual contributions of these hormones, and two cases in particular provide contrasting evidence of the bone marrow's response to treatment. A 40-year-old woman with Sheehan's syndrome presented with pancytopenia 12 years after delivery. She was started on glucocorticoid replacement therapy alone in the setting of normal TSH levels. In her case, complete resolution of pancytopenia occurred within 12 weeks, without the addition of supplemental thyroid hormone treatment. 8 A 28-yearold man with acromegaly underwent excision of a pituitary macroadenoma, followed by radiation therapy; 6 years later, he presented with pancytopenia and hypopituitarism (with the exception of preserved thyrotropin). 29 The patient was treated with hydrocortisone replacement therapy, and the pancytopenia resolved. However, in a somewhat different case, an 11-year-old girl who developed pancytopenia following radiotherapy for a suprasellar germinoma 9 was initially treated with glucocorticoid replacement and desmopressin, but pancytopenia persisted. The addition of levothyroxine-despite normal TSH levels-led to the rapid resolution of the pancytopenia, which argues for a critical role played by thyroid hormones in hematopoiesis. And as noted above, the utility of animal models may be questionable, given the very different responses in rats (after hypophysectomy) and humans to hormone supplementation. 14, 15 In conclusion, panhypopituitarism should be considered in women with unexplained pancytopenia who have a history of severe blood loss during childbirth, or in men or women who present with insidious lethargy, hyponatremia, and hypothyroidism. In these cases, an unrevealing workup for malignancy should prompt formal laboratory evaluation of all of the hormones of the anterior pituitary. The hematologic abnormalities would be expected to resolve rapidly with cortisol and thyroid hormone supplementation, though the differential importance of these remains in question. Should the pancytopenia not completely resolve, a bone marrow biopsy should be performed to evaluate for other causes.
